A major challenge in the production of large atmospheric glow plasmas is suppressing the transition to a thermal condition at higher power densities. One mechanism for forming a stable glow at moderate power densities is to sustain the plasma with a drive frequency where the glow exhibits ballasting characteristics that suppress the formation of thermally driven instabilities that lead to transition to a thermal discharge.
A major challenge in the production of large atmospheric glow plasmas is suppressing the transition to a thermal condition at higher power densities. One mechanism for forming a stable glow at moderate power densities is to sustain the plasma with a drive frequency where the glow exhibits ballasting characteristics that suppress the formation of thermally driven instabilities that lead to transition to a thermal discharge.
In this work, we present an equivalent circuit model for a high pressure discharge that highlights the frequency dependence of the plasma discharge under atmospheric conditions and sets up criteria for the VHF ballasting effect. This model is supported by electrical and optical emission data obtained from a coaxial atmospheric glow discharge operating at 162 MHz. Experiments have shown that the plasma resistance increases with increasing power and electron density up to a critical density where VHF ballasting tends to fail. These experimental observations support the trends seen in the equivalent circuit model. This transition point where the slope of the resistance vs density curve changes polarity defines the operating conditions (along with collision frequency and drive frequency) where VHF ballasting can suppress thermal transition. This transition point shifts to lower densities with decreasing frequency discharges and shifts to higher densities with decreasing pressure.
These trends can explain the difficulty in producing moderate power density nonthermal glow discharges for high pressure, low frequency devices. The effects of this phenomenon are studied with respect to multiple operating frequencies and gases. ________________________________ * Work supported by the State of North Carolina, SERDP contract 1762, and by a generous gift donation from Advanced Energy Incorporated.
